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Introduction {#sec005}
============

The Global Burden of Disease Study \[[@pone.0173349.ref001]\] revealed that cardiovascular disease in adulthood is attributable to modifiable risk factors such as hypertension \[[@pone.0173349.ref002]\], body mass index \[[@pone.0173349.ref003]\] or adverse lipid metabolism \[[@pone.0173349.ref004]\]. Preterm birth and low birth weight are also such cardiovascular risk factors \[[@pone.0173349.ref005]\]. Prevention of preterm birth and its consequences (e.g. hypertension, hyperlipidemia) has potentially large impact on cardiovascular health later in life. The repercussions of slow or rapid (catch--up) growth and its timing in neonatal life and throughout childhood are only partly unveiled \[[@pone.0173349.ref006]\]. Large epidemiological studies concerning the optimal (catch--up) growth patterns (reviewed in \[[@pone.0173349.ref007], [@pone.0173349.ref008]\]) are currently lacking. Extremely low birth weight (ELBW, \<1000 g) preterm infants are either small for gestational age (SGA, birth weight \<--2 standard deviation scores for gestational age) or 'intra--uterine growth restricted', or are appropriate for gestational age (AGA). Irrespective whether SGA or AGA at birth, they remain at high risk of 'extra--uterine growth restriction' a potential forerunner of additional morbidities later in life \[[@pone.0173349.ref009]\].

Since catch--up growth and fat mass accretion in preterm born children do not occur simultaneously \[[@pone.0173349.ref010], [@pone.0173349.ref011]\], body composition should hereby be considered as well. Even late preterm infants, whether SGA or AGA, are characterized by predominant fat mass accretion compared to term neonates \[[@pone.0173349.ref012]\]. A mismatch in catch--up growth and fat mass accretion in former preterms may lead to metabolic dysregulation in adulthood \[[@pone.0173349.ref013], [@pone.0173349.ref014]\]. Our aim was to investigate growth patterns, catch--up growth and anthropometrics in former ELBW children and to link these outcomes to neurocognition and body composition in childhood. The study cohort consisted of ELBW infants (born 2000--2005), parenterally fed with a relatively low protein diet (2.8 g/kg/day) \[[@pone.0173349.ref015]\] in comparison to contemporary guidelines (3.5--4.5 g/kg/day) \[[@pone.0173349.ref016]\]. Their characteristics were compared to a control group born at term of equal sex and age.

Methods {#sec006}
=======

Ethics {#sec007}
------

The study was conducted in accordance with the Helsinki declaration for investigations in human subjects. The local Ethics Committee of the University Hospitals Leuven (Belgium) approved the study protocol (June 2014, S56577). Based on good clinical practice guidance and Belgian legislation, parents or custodians provided written informed consent, whereas children gave informed assent. The study was registered at ClinicalTrials.gov (NCT02147457).

Cohort description {#sec008}
------------------

A cohort of former ELBW children (n = 140, gestational age ranging from 23 to 33 weeks) was examined at birth, at the (corrected) ages of 9 and 24 months \[[@pone.0173349.ref017]\]. Until the age of two, we applied age correction for the extent of prematurity for all measurements (chronological age minus weeks of prematurity equals corrected age). We included 118 children at 9 months of age and 96 at 24 months of age ([Fig 1](#pone.0173349.g001){ref-type="fig"}). The PREMATurity as predictor of children's Cardiovascular and renal Health (PREMATCH) case--control study \[[@pone.0173349.ref018]\] included 93 of these former ELBW children and 87 controls (on average aged 11 years) of equal sex and age. Both the ELBW cohort and a control group were thoroughly investigated \[[@pone.0173349.ref018]\]. The control group was recruited through the index child (neighbor, friend) or in a primary school close to the research center \[[@pone.0173349.ref018]\]. We, therefore, could not perform paired analysis. Nonetheless, the children were of equal sex and age ([Table 1](#pone.0173349.t001){ref-type="table"}). [Fig 1](#pone.0173349.g001){ref-type="fig"} shows a flowchart of the ELBW cohort over time.

![Flowchart of the Extremely Low Birth Weight (ELBW) cohort.](pone.0173349.g001){#pone.0173349.g001}

10.1371/journal.pone.0173349.t001

###### Characteristics in former ELBW children and controls.

![](pone.0173349.t001){#pone.0173349.t001g}

  Characteristic                                                               ELBW children (n = 93)   Controls (n = 87)   *P* [^a^](#t001fn002){ref-type="table-fn"}
  ---------------------------------------------------------------------------- ------------------------ ------------------- ---------------------------------------------------
  **Sex and age**                                                                                                           
  Female, n (%)                                                                44 (47.3)                44 (50.6)           0.66
  Mean age (±SD), years                                                        11.3±1.4                 10.9±1.3            0.025[^c^](#t001fn003){ref-type="table-fn"}
  **Height and head circumference, mean±SD**                                                                                
  Height, cm                                                                   145.1±9.3                149.2±10.1          0.027 [^c^](#t001fn003){ref-type="table-fn"}
  Z--score of height                                                           --0.45±0.96              0.56±1.05           \<0.001[^b^](#t001fn003){ref-type="table-fn"}
  Head circumference, cm                                                       51.7±1.8                 53.4±1.6            \<0.001[^b^](#t001fn003){ref-type="table-fn"}
  Z--score of head circumference                                               --1.12±1.03              0.06±0.89           \<0.001[^b^](#t001fn003){ref-type="table-fn"}
  **Weight and related parameters, mean±SD**                                                                                
  Weight, kg                                                                   36.7±9.6                 39.9±9.3            0.012[^c^](#t001fn003){ref-type="table-fn"}
  Z--score of weight                                                           --0.52±1.05              0.34±0.87           \<0.001[^b^](#t001fn003){ref-type="table-fn"}
  Body mass index, kg/m^2^                                                     17.0±2.8                 17.7±2.5            0.044[^c^](#t001fn003){ref-type="table-fn"}
  Z--score of body mass index                                                  *--0*.*40*±*1*.*05*      *0*.*04*±*0*.*93*   *0*.*004*[^*b*^](#t001fn003){ref-type="table-fn"}
  Skinfolds                                                                                                                 
      • Triceps, cm                                                            1.07±0.43                1.20±0.40           0.009[^c^](#t001fn003){ref-type="table-fn"}
      • Subscapular, cm                                                        0.77±0.33                0.78±0.30           0.40[^c^](#t001fn003){ref-type="table-fn"}
      • Supra--iliac, cm                                                       0.76±0.42                0.78±0.40           0.81[^c^](#t001fn003){ref-type="table-fn"}
  Waist circumference, cm                                                      64.8±7.7                 66.2±7.4            0.23[^c^](#t001fn003){ref-type="table-fn"}
  Hip circumference, cm                                                        73.7±8.7                 76.9±8.5            0.010[^c^](#t001fn003){ref-type="table-fn"}
  Neck circumference, cm                                                       28.7±2.0                 29.1±2.1            0.39[^c^](#t001fn003){ref-type="table-fn"}
  **Body composition, mean±SD**                                                                                             
  Percent lean body weight                                                     75.1±10.2                80.5±8.9            **0.001**[^c^](#t001fn003){ref-type="table-fn"}
  Percent fat body weight                                                      24.6±9.8                 19.2±9.1            **0.001**[^c^](#t001fn003){ref-type="table-fn"}
  Percent total body water                                                     72.7±9.7                 70.3±8.6            0.10[^b^](#t001fn003){ref-type="table-fn"}
  Perfect intracellular water                                                  37.1±6.5                 36.1±5.9            0.29[^c^](#t001fn003){ref-type="table-fn"}
  **Grip strength (kg), mean±SD**                                                                                           
      • Right                                                                  13.9±4.4                 16.0±4.1            **\<0.001**[^c^](#t001fn003){ref-type="table-fn"}
      • Left                                                                   13.2±4.0                 15.8±4.4            **\<0.001**[^c^](#t001fn003){ref-type="table-fn"}
  **Puberty scores** [^**d**^](#t001fn004){ref-type="table-fn"}**, mean±SD**                                                
      • Breast/genital                                                         2.3±0.87                 2.1±0.79            **0.025**[^c^](#t001fn003){ref-type="table-fn"}
      • Pubic                                                                  2.2±0.86                 1.9±0.78            **0.025**[^c^](#t001fn003){ref-type="table-fn"}

Extremely Low Birth Weight, ELBW, kcal, kilocalories

^a^*P* values are given for the comparison between ELBW cases and controls

(^b^T test or ^c^Mann--Whitney--U test for continuous variables and Pearson Chi square test for categorical variables)

^d^corrected for age.

Neurocognitive performance {#sec009}
--------------------------

Trained investigators assessed the cognitive and motor capabilities of the ELBW cohort using the Bayley Scales of Infant Development, Dutch version (BSID--II--NL, \[[@pone.0173349.ref019]\]) at the corrected age of 24 months. We investigated neurocognitive performance at 11 years (cases and controls) by the Wechsler Non--Verbal test, Dutch version (Pearson, The Netherlands). Matrix reasoning and spatial span was assessed to estimate the intelligence quotient (IQ) equivalent (i.e. total score, \[[@pone.0173349.ref020]\]). Parental education was assessed by a standardized questionnaire (i.e. low, middle or high) \[[@pone.0173349.ref018]\].

Growth, target height and catch--up growth {#sec010}
------------------------------------------

Body weight and height of cases, controls and their biological parents were recorded \[[@pone.0173349.ref018]\]. Growth charts of Flanders \[[@pone.0173349.ref021]\] were used to convert height, weight and head circumference into Z--scores. Target height (Z--score) was calculated according to the corrected mid parental height (\[paternal height (--13 centimeters in girls) + maternal height (+13 centimeters in boys)\]/2) to estimate the genetic potential of growth \[[@pone.0173349.ref022]\] and was converted to Z--score as well. Changes in Z--scores (ΔZ) during follow--up were calculated and the presence or absence of catch--up was subsequently classified during the first two years of life. Catch--up growth was qualified as present if the ΔZ--score during the first two years of life was \>0.67 SDS \[[@pone.0173349.ref023]\].

Body composition, muscle strength and puberty scores {#sec011}
----------------------------------------------------

Trained staff assessed body composition using the Bodystat QuadScan 4000 (Bodystat Ltd, Isle of Man, IM99 1DQ, British Isles). This device applies scientifically validated principles of bioelectrical impedance \[[@pone.0173349.ref024], [@pone.0173349.ref025]\]. Skinfolds (Harpenden Skinfold Caliper, Bedfordshire, UK) measurements were read after 3 seconds at three places (at triceps, subscapular and supra--iliac skinfolds). The Jamar Hydraulic Hand Dynamometer (Sammons Preston, Chicago, USA) was used to measure grip strength according to the owner's manual. A single pediatrician (A.R.) assessed puberty according to the Tanner scores \[[@pone.0173349.ref026], [@pone.0173349.ref027]\]. Additional details can be found in the published study protocol \[[@pone.0173349.ref018]\].

Statistics {#sec012}
----------

Continuous variables were expressed as mean (standard deviation, SD) and were tested for normal distribution. Group means between cases and controls were assessed using appropriate (non--)parametric tests (T--tests or Mann--Whitney--U test). Outlier limits were set by extending the 25^th^ and 75^th^ percentile with *k* times the interquartile range \[[@pone.0173349.ref028]\], with *k* = 2.2 \[[@pone.0173349.ref029]\] for covariates. Outlier limits for Z-scores were set at Z = \|3.29\|. Categorical variables were expressed as proportions and differences in frequency distributions were assessed using Pearson Chi--Square tests. Pearson's' product--moment correlation coefficients (*r*) were calculated between non--outlier Z--scores and neurocognitive scores at 9 months and 24 months and IQ equivalent scores at 11 years for cases only. A subgroup analysis by sex was done. A linear mixed model analysis with individuals modeled as random and covariates modeled as fixed effects was performed to compare mean Z--scores over time (birth, 9 months, 24 months and 11 years) for cases only. Post--hoc tests were used for pairwise comparisons of mean Z--scores between time points against α = 0.05 using Bonferroni correction for multiple comparisons.

Catch-up growth in weight, height, and head circumference was defined as a positive change in Z-score of 0.67 between time points \[[@pone.0173349.ref023]\] and converted into a dichotomous variable (yes/no catch-up growth). The compared time points included birth and 9 months, birth and 24 months, and 2 years and 11 years of age. The association of catch-up growth with percentage body fat at the age of 11 years is investigated by T-tests with correction of degrees of freedom in case of violation of homoscedasticity. The percentage body fat is corrected for weight, height, age, sex, and an interaction term of weight × height by saving the predicted values of a multivariate linear regression model (F = 42.613, df = 5, *P*\<0.001, adjusted R^2^ = 0.58). Inclusion of puberty scores \[[@pone.0173349.ref026], [@pone.0173349.ref027]\] or SGA did not improve this model. Significance was a two--sided *P* value of ≤0.05.

Results {#sec013}
=======

Characteristics of former ELBW children and controls {#sec014}
----------------------------------------------------

The cohort of former ELBW children consisted of 140 extreme preterm birth survivors (cases) ([Fig 1](#pone.0173349.g001){ref-type="fig"}). Of cases eligible for inclusion in young adolescence, 93 accepted the study invitation. There were minor differences in some characteristics of early life exposures between the children followed (n = 93) *vs*. not followed (n = 47). Analyzed children had a smaller head circumference at birth (23.7 *vs*. 24.4 cm, *P* = 0.012), lower Apgar scores (7.7 *vs*. 8.3, *P* = 0.004) and more ventilation days (19.6 *vs*. 12.6, *P* = 0.046) and oxygen need (51 *vs*. 38%, *P* = 0.041). Maternal antenatal lung maturation (i.e. two doses of intramuscular betamethasone with 24h between both administrations) was less frequent in the analyzed children (79.8 *vs*. 88.9%, *P* = 0.006) as well as for pre--eclampsia (11.1 *vs*. 29.3%, p = 0.018) ([S1 Table](#pone.0173349.s001){ref-type="supplementary-material"}). Similarly, when compared cases to controls in young adolescence, mean values of age (11.3 *vs*. 10.9 years, *P* = 0.025), height (145.1 *vs*. 149.2 cm, *P* = 0.027), weight (36.7 *vs*. 39.9 kg, *P* = 0.012) and head circumference (51.7 *vs*. 53.4 cm, *P*\<0.001) differed significantly ([Table 1](#pone.0173349.t001){ref-type="table"}).

In ELBW cases, neurocognitive performance at the corrected age of 24 months was 93.6 (SD 22.2) and motor performance was 85.1 (SD 22.1). Compared to controls, neurocognitive outcome at 11 years showed matrix reasoning and spatial orientation of 47.5 (SD 6.5) and 45.6 (SD 8.6) in cases *vs*. 53.1 (SD 7.4) and 55.9 (SD 9.4) in controls (both *P*\<0.001). The total IQ--equivalent was 92.5 (SD 13.1) in cases *vs*. 108.7 (SD 14.1) in controls (*P*\<0.001). Of the cases, n = 10 were following special education, mainly because of lower IQ, whereas all controls were recruited from regular primary education. Paternal educational levels were equally distributed among cases and controls (low 6.8 *vs*. 2.5%; middle 45.2 *vs*. 51.2%; high 47.9 *vs*. 46.3%; *P* = 0.389) as well as maternal educational levels (low 6.7 *vs*. 0.0%; middle 38.7 *vs*. 41.8%; high 54.7 *vs*. 58.2%; *P* = 0.06).

Body composition was different in cases compared to controls in young adolescence: former ELBW children had a higher percentage body fat (but lower total body weight) and lower percentage lean body weight (weight 36.7 *vs*. 39.9 kg, *P* = 0.012; fat mass 24.6 *vs*. 19.2%, *P* = 0.001; lean mass 75.1 *vs*. 80.5%, *P* = 0.001). Moreover, cases had lower grip strength and a more advanced puberty ([Table 1](#pone.0173349.t001){ref-type="table"}). Analyses stratified by sex, generated results (data not shown) consistent with those reported in [Table 1](#pone.0173349.t001){ref-type="table"}.

Growth patterns in cases {#sec015}
------------------------

For cases only, we investigated growth patterns from birth to young adolescence (11 years). ELBW neonates displayed extra--uterine growth restriction with mean Z--scores for height, weight and head circumference of --0.77, --0.93 and --0.46 at birth, --1.61, --1.67 and --0.72 at 9 months, --1.22, --1.61 and --0.84 at 24 months, and --0.42, --0.49 and --1.09 at 11 years ([Fig 2](#pone.0173349.g002){ref-type="fig"}). Mean Z--scores for height, weight and head circumference differed significantly between time points (all *P*\<0.01), with the exception of Z--scores for height and weight at birth and 11 years and for head circumference between birth and 9 months and between 24 months and 11 years. ELBW cases s displayed extra--uterine growth restriction in height and weight with subsequent catch--up growth between 24 months and 11 years ([Fig 2](#pone.0173349.g002){ref-type="fig"}).

![Mean Z--scores of height, weight and head circumference over time).](pone.0173349.g002){#pone.0173349.g002}

[Fig 3](#pone.0173349.g003){ref-type="fig"} showed the individual directions of the change in Z-score. Most cases showed growth failure during the first two years of life and a positive Z--score change from 24 months till 11 years: 91.5% for height and 84.4% for weight, but not for head circumference (38.5%).

![Z--score trends in individual cases from birth till 11 years).\
(A) Z-scores for height, (B) Z-scores for weight, and (C) Z-scores for head circumference.](pone.0173349.g003){#pone.0173349.g003}

Catch--up growth (i.e. ΔZ--score \>0.67 SDS) for weight was achieved during the first two years of life in 9.9% of cases, for length in 13.7% of cases and for head circumference in 14.1% of cases. During childhood (2 years-- 11 years) another 73.2% of cases showed catch--up growth for weight, 59.7% for length and 4.6% for head circumference.

We performed a subgroup analysis in ELBW cases that were either appropriate for gestational age (AGA) or small for gestational age (SGA). Mean Z--scores for height and weight of ELBW cases AGA or SGA only differed significantly at birth, as per definition, and at 9 months (data not shown). However, analysis of target height (Z-score) at 11 years of AGA and SGA cases at 11 years showed that the height in SGA cases was below target height \[current height --0.22 (SD 0.89) *vs*. target height 0.16 in SGA cases (SD 0.77), *P* = 0.038\], indicating the inability of SGA cases to (fully) catch--up.

Catch--up growth associations with neurocognitive outcome and body composition {#sec016}
------------------------------------------------------------------------------

Analyses relating catch--up growth for weight, height and head circumference to neurocognitive performance did not show significant correlations (data not shown). Notwithstanding this, cases showed lower neurocognitive performance and a higher fat percentage compared to controls.

Catch--up growth for weight and height during the first two years of life was significantly associated with a lower percentage body fat in young adolescence. The percentage body fat in young adolescence was 16.8% if catch-up growth for weight occurred during the first two years of life versus 25.7% if there was no catch-up growth for weight during the first two years of life (*P*\<0.001). The percentage body fat was also associated with catch-up growth for height (20.9% catch-up *vs*. 25.8% no catch-up, *P* = 0.049) ([Table 2](#pone.0173349.t002){ref-type="table"}). Catch--up growth during childhood (2--11 years) was associated with the percentage body fat in young adolescence for weight only and the difference was less pronounced (23.7% catch-up for weight *vs*. 29.4%, no catch-up for weight, *P =* 0.036). We observed that catch-up growth for head circumference during the first 9 months of life was associated with a lower body fat percentage as well.

10.1371/journal.pone.0173349.t002

###### Difference in catch-up growth and no catch-up growth during childhood versus body fat in young adolescence in former ELBW children.

![](pone.0173349.t002){#pone.0173349.t002g}

                                   Catch-up growth[^‡^](#t002fn001){ref-type="table-fn"}   No catch-up growth                                         
  -------------------------------- ------------------------------------------------------- -------------------- ------------ ---- ------ ------------ ---------
  **Weight between**                                                                                                                                  
      0--9 months                  6                                                       18.7                 14.0--23.4   62   25.3   22.9--27.7   0.012
      0--24 months                 6                                                       16.8                 13.9--19.8   58   25.7   23.4--28.0   \<0.001
      2--11 years                  51                                                      23.7                 21.3--26.1   13   29.4   23.9--25.0   0.036
  **Height between**                                                                                                                                  
      0--9 months                  2                                                       19.4                 n/a          67   25.5   23.2--27.8   0.38
      0--24 months                 9                                                       20.9                 16.4--25.4   57   25.8   23.3--28.3   0.049
      2--11 years                  42                                                      23.9                 21.0--26.7   26   26.7   23.1--30.3   0.21
  **Head circumference between**                                                                                                                      
      0--9 months                  13                                                      20.1                 15.9--24.3   57   26.6   24.1--29.2   0.025
      0--24 months                 10                                                      22.0                 15.7--28.4   55   26.3   23.7--28.8   0.19
      2--11 years                  2                                                       28.2                 n/a          57   25.7   23.2--28.2   0.09

^‡^Catch-up growth: change in Z-score between time points \>0.67

^§^Percentage body fat at 11 years controlled for height, weight, sex, age, and height × weight

^¶^Student's t-test (two-tailed)

Discussion {#sec017}
==========

In the current study of ELBW infants, we reported on height, weight and head circumference at birth and growth patterns of these anthropometric measurements at 9 and 24 months and at 11 years of age. At the latest follow--up point, we compared achieved growth, body composition and neurocognition between ELBW children and normal birth weight controls of equal sex and age and explored association between early catch--up (first two years of life) and outcome at 11 years. The findings of the current study confirmed that the former ELBW children: (i) had difficulties in catching up growth; (ii) showed lower neurocognitive performance in childhood and young adolescence; and (iii) at 11 years, compared to normal birth weight controls, showed lower grip strength and percentage lean body weight, advanced puberty scores, but a higher percentage body fat, a potential risk factor for adverse health outcomes in adulthood. Our key finding was that catch--up growth for weight and height in ELBW children in the first two years of life is associated with a lower percentage body fat and is therefore likely to be beneficial.

Former ELBW children had difficulties to catch--up. Catch--up growth can be defined in terms of body height and weight (in centimeters or kilograms). However, using Z--scores comparing an individual to sex--and age--specific distributions in the general population is a more generally accepted approach \[[@pone.0173349.ref006], [@pone.0173349.ref030]\]. According to the available literature, growth patterns in children born preterm showed initial growth failure \[[@pone.0173349.ref031]\] followed by increased growth velocity during the first years of life \[[@pone.0173349.ref032]\]. However, catch--up remains usually incomplete, especially in children born small for gestational age (SGA). Our study moved beyond currently available data by showing growth restriction in former ELBW children, irrespective of SGA or appropriate for gestational age (AGA) status at birth, with catch--up growth after 24 months. At 11 years, body height of ELBW children was still below the population average as exemplified by a negative Z--score ([Fig 2](#pone.0173349.g002){ref-type="fig"}). In particular, children born SGA still had a body height significantly below target. The qualification SGA is commonly applied as a proxy for intra--uterine growth restriction. Our primary analyses comparing growth patterns of SGA and AGA ELBW children did not reveal any significant differences (data not shown). However, if we used target height as computed from the parents' body height, SGA children failed to reach this target height, similar to cohorts with birth weight below 1500 grams \[[@pone.0173349.ref033], [@pone.0173349.ref034]\].

The presence of catch--up growth (weight, height or head circumference) was not associated with differences in neurocognitive outcome in ELBW cases. In our cohort, the extent of extra--uterine growth restriction for the head circumference was more blunted compared to height and weight ([Fig 2](#pone.0173349.g002){ref-type="fig"}). However, this 'preserved' head circumference did not (fully) preserve neurocognitive development. We could not confirm the finding that catch--up growth was associated with worse neurocognitive outcome \[[@pone.0173349.ref035], [@pone.0173349.ref036]\]. There was no difference in IQ equivalent between ELBW children with and without catch--up growth at 11 years (data not shown). One possible explanation is that many (environmental) confounders for neurocognitive development in childhood are at play and none can be assumed equal among the included cases to justify such testing. Another explanation is that too many children still fail to catch--up (23--95% for weight, height, head circumference in early childhood or adolescence, [Fig 2](#pone.0173349.g002){ref-type="fig"}) to show relevant differences. It is still unclear which period (pre--, peri--and/or postnatal) will have the most relevant implications for later neurocognitive outcome (reviewed in \[[@pone.0173349.ref008]\]). However, neurocognitive impairment after preterm birth remains a matter of concern \[[@pone.0173349.ref037]\]. Unfortunately, and despite major improvements in neonatal intensive care survival, we could not find full catch--up growth and preserved neurocognitive outcome in this cohort of ELBW survivors born between 2000--2005.

At 11 years, grip strength was lower in former ELBW children compared to controls with normal birth weight. Motor assessment Bayley scores at 24 months (for cases) provided more comprehensive information than the single grip strength test at 11 years. Test results at 24 months can therefore not be extrapolated as representative of motor development approximately one decade later. However, at 11 years, lower grip strength in childhood may result from a decreased exercise capacity in former ELBW children \[[@pone.0173349.ref038], [@pone.0173349.ref039]\]. Clemm \[[@pone.0173349.ref038]\] and Welsh and coauthors \[[@pone.0173349.ref039]\] both showed lower oxygen consumption as measured by spirometry. The first study showed lower exercise capacity in extreme preterm children as well \[[@pone.0173349.ref038]\]. The lower grip strength might be a reflection of the long--term pathophysiological consequences, including the lower muscle mass in former preterms. Moreover, Fricke et al. showed an association between anthropometrics and grip strength at 7 years in very low birth weight (\<1500 grams) prematurely born infants \[[@pone.0173349.ref040]\]. Similarly, grip force and peak jump power were significantly lower compared to the reference population in their study \[[@pone.0173349.ref038]\].

Our current study also confirmed a more advanced puberty in former ELBW children, compared to their age--matched controls. Ibánez *et al*. showed a more advanced pubertal development of 5--10 months in SGA girls \[[@pone.0173349.ref041]\]. Pubertal development and especially the impact of preterm birth on puberty are difficult to study, since the influences are multifactorial with interactions between nature and nurture \[[@pone.0173349.ref042]\]. However, early weight gain in infancy might start a cascade of disrupted pubertal development leading to an adipose body composition and decreased fertility even in the absence of obesity \[[@pone.0173349.ref043]\].

Catch--up growth for weight and height was associated with a lower percentage body fat during the first two years of life. As index of growth, not only body height and weight, but also body composition should be considered, because catch--up growth and fat mass accretion do not occur simultaneously \[[@pone.0173349.ref011]\]. In preterm children, early weight--gain during the first three months of life and from three months till one year was predictive for body mass index in adulthood, independently of height \[[@pone.0173349.ref011]\]. Preterm neonates assessed at birth have an increased total body adiposity compared to term infants \[[@pone.0173349.ref044]\]. We replicated this observation in young adolescence ([Table 1](#pone.0173349.t001){ref-type="table"}). Despite the lower body mass index in former ELBW children (but also lower height), our extensive body composition measurements at 11 years of age confirmed a higher percentage body fat in childhood. Catch--up growth for weight and height was associated with a lower percentage body fat. As suggested by Breij *et al*. \[[@pone.0173349.ref045]\], there might be a critical window for adiposity development in the first three months of life. We may extrapolate these results to preterm children. During this window, preterm children are *ex utero* and due to this too early interruption of normal *in utero* development, they might accumulate fat mass at the detriment of lean body mass (i.e. muscle mass). This might be reflected in both a decreased exercise capacity (multifactorial, reviewed in \[[@pone.0173349.ref046]\]) and an increased cardiovascular risk profile (increased fat mass, reviewed in \[[@pone.0173349.ref014]\]). A possible mechanism in this pathophysiological process is the (impaired) microcirculation. The microcirculation is the primary interface between the circulating blood and capillary density is lower in several organs (f.e. the kidneys, the brain, the lungs, the retina) in preterm children \[[@pone.0173349.ref047], [@pone.0173349.ref048]\]. This puts these children at risk for cardiovascular events later in life \[[@pone.0173349.ref005]\], possibly through epigenetic changes \[[@pone.0173349.ref049]\].

A strong point of the current study was that the ELBW children were followed--up by the same team, using validated and standardized instruments from birth until approximately 11 years and that at 11 years their growth pattern could be compared not only with the population average, but also with controls. However, our study must also be interpreted within the context of its potential limitations. First, at 11 years we did not extensively assess motor development. We only assessed one aspect (i.c. grip strength) of motor development. However, in adolescents with cystic fibrosis, grip strength performs well as index of motor strength, correlating with other indexes, such as lung capacity parameters and fitness \[[@pone.0173349.ref050]\]. Second, children in the control group were slightly younger (10.9 *vs*. 11.3 years). However, after correction for age, the results remained significant (*P* = 0.025, [Table 1](#pone.0173349.t001){ref-type="table"}). Moreover, a 4--month period is unlikely to offer the whole explanation, in particular in view of the literature summarized above. Third, the Bayley Scales of Infant Development and the grip strength test measure different aspects of motor performance \[[@pone.0173349.ref040]\]. However, both tests are appropriate for the age of the children at which they were administered. A limitation of our study is that we could not assess longitudinal changes in ELBW infants because differences in the test design and not in controls, because no test was administered at two years of age. Fourth, we could not fully exclude a selection bias in the recruitment. Analyzed children had a smaller head circumference, lower Apgar scores and more ventilation days and oxygen need. Maternal antenatal lung maturation was less frequent in the analyzed children as well as pre--eclampsia. However, since differences are in both directions (for example more ventilation days but less pre--eclampsia in the analyzed children), we assume that selection was at random. Being aware of these limitations, we still think our observations are relevant for the follow--up of former extremely low birth weight infants.

For the follow--up of these ELBW adolescents and future studies, as stated in literature, being short or becoming short during the first two years of life increases the risk of adult short stature \[[@pone.0173349.ref051]\]. Since best results of growth hormone therapy are obtained before the onset of puberty \[[@pone.0173349.ref052]\], parents and caregivers should be aware of a possible earlier onset of puberty in former ELBW adolescents. In addition, higher weight at birth (i.e. being non--small--for--gestational--age) might be the key to a higher percentage lean body weight as a model of a healthy start of life \[[@pone.0173349.ref053]\] in contrast with children SGA who need to catch--up \[[@pone.0173349.ref054]\]. Insulin sensitization in children with early neonatal weight gain might be the key to reduce the cardiovascular risk profile later in life \[[@pone.0173349.ref043]\]. Further studies should elucidate this insulin sensitization in primary prevention of cardiovascular events in children born preterm.

Conclusions {#sec018}
===========

The current study of ELBW infants reported on height, weight and head circumference at birth and described the growth patterns of these anthropometric measurements at 9 and 24 months and at 11 years of age. At the lastest follow--up point, compared to normal birth weight controls, former ELBW children still have height, weight and head circumference below target, show lower grip strength, lower neurocognitive performance, but display more advanced puberty. ELBW adolescents showed a higher percentage body fat, a potential risk factor for adverse health outcomes in adulthood. Our key finding was that catch--up growth for weight in ELBW children in the first two years of life was associated with a lower percentage body fat and is therefore likely to be beneficial.
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###### Differences in characteristics of recruited/not recruited of the initial cohort of Extremely Low Birth Weight (ELBW) survivors.
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Click here for additional data file.
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